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We, Mixes Laboratories Incor- 
porated, Myrtle and McNaughton 
Streets, Elkhart, Indiana, United States 
of America, a corporation organised under 
5 the Laws of the State of Indiana, do 
hereby declare the nature of this inven- 
tion and in what manner the same is to 
be performed, to be particularly described 
and ascertained in and by the following 

10 statement : — 

The present invention relates generally 
to the production of citric acid compounds 
containing calcium,, in solid form, which 
are water soluble, and particularly to the 

15 production of substantially pure mono- 
calcium citrate. 

The products of the present Invention 
are of use in the preparation of phar- 
maceutical products and mixtures by 

20 means of which calcium may be adminis- 
tered orally to humans in the treatment 
of cases of calcium deficiencies. Because 
they are water soluble, and because they 
are acidic in nature, they may be com- 

25 bined with a salt of carbonic acid to pro- 
duce mixtures whiclf, when added to 
water, dissolve with effervescence to give 
clear, sparkling, carbonated solutions 
which may be used therapeutically for 

30 the administration of calcium. They may 
also be combined with acidic phosphates 
in conjunction with a salt of carbonic 
acid for the production of clear, spark- 
ling carbonated solutions containing cal- 

35 cium and phosphorous for the thera- 
peutic administration of these two 
elements. In both these cases the solu- 
tions produced are attractive in appear- 
ance and very palatable and of a con- 

40 sequence make for a favorable reaction on 
the part of the person to whom they are 
given. They thus provide means of 
administering calcium, or calcium and 
phosphorous in conjunction, which are 

45 not attended by the disadvantages of 
insolubility or unpalatability to be found 
in many of the substances and products at 
present in use for those purposes. The 
products of the present invention may 

50 also be used generally where a solid sub- 
stance of an acidic nature is required, for 



example, as one component of a^baking 
powder. 

Heretofore, when the production of 
mono-calcium citrate has been attempted, 55 
the salt has first been produced in solution 
and its recovery in solid form under- 
taken, as by crystallization or as a residue 
on drying; but these have not been suc- 
cessful from an economic point of view. 60 
Conversions to di- and tri-calcium citrates 
readily occur which render the end pro- 
duct incompletely soluble,, so that an 
undissolved residue would be present in 
the useB above described. The present 65 
invention provides a process which easily 
and cheaply permits the production of a 
water-soluble mono-calcium salt or com- 
pound mixture embodying such salt. 

It is the general object of this invention 70 
to produce a readily water-soluble mono- 
calcium citrate dihydrate in dry solid 
form. 

It is a particular object of this inven- 
tion to provide dry solid compositions 76 
which are essentially mono-calcium 
citrate with or without excess of citric 
acid, which compositions having an excess 
of citric acid may be dissolved readily in 
water to provide a clear solution. 80 

It is a particular object of this inven- 
tion to provide a means of extracting from 
those compositions above, having an 
excess of citric acid, the said excess of 
citric acid so as to leave substantially 85 
pure mono-calcium citrate in dry solid 
form which is water-soluble. 

It is also an object of this invention to 
produce a mono-calcium citrate com- 
position, with or without excess citric 90 
acid , which may be mixed with a salt of 
carbonic acid in the dry state, the mixture 
being readily soluble in water with effer- 
vescence and without residue to yield a 
palatable carbonated potion. 95 

It is a particular object of this inven- 
tion to produce the desired compositions 
by action of reagents in part at least sus- 
pended in water, that is, in a medium 
which is an aqueous paste. iqq 

Various other and ancilliary objects 
and advantages of the invention will 
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become apparent from the following 
description and explanation of the inven- 
tion. 

The chemistry of calcium citrate forma- 
5 tion is complex and has not been well 
developed in the literature. The prac- 
tically insoluble tri-calcium citrate is 
well known and is handled in large quan- 
tities in the commercial manufacture of 
10 citric acid. Di-calcium citrate, also of 
low solubility, is not as well known, but to 
mono-calcium citrate, the only relatively 
soluble member of the group, there is 
little reference. Contrary, perhaps, to 
15 expectations when thought is first directed 
to the problem, the production of the 
mono-calcium salt has not proved easy, 
and has presented real difficulties. 

Theoretically, one might expect to form 
20 mono-calcium citrate in one direction by 
the action of citric acid on either tri- 
calcium citrate or di-calcium citrate, and 
in the other direction by the action of 
citric acid on the oxide, hydroxide or car- 
25 bonate of calcium. Experience has shown 
that while di-calcium or tri-calciuni 
citrate may be reacted with citric acid 
with the formation of some mono-calcium 
citrate, the reaction does not go to com- 
30 pletion, and a completely soluble product 
is not formed. The strength of citric acid 
is apparently not great enough to bring 
about fullv the desired conversion. 

On the other hand, the. production of 
mono-calcium citrate from citric . acid 
and the oxide, hydroxide or carbonate of 
calcium also presents difficulties. For 
example, it is quite readily possible to 
add to a solution of 2 moles of citric acid 
1 mole of either calcium hydroxide or 
calcium carbonate, which are the stoichio- 
metric proportions for t£e formataon ql 
mono-calcium citrate CaCH^.U^UrK, 
and produce a clear solution. .But it has 
45 not been found possible to isolate the 
mono-calcium citrate from this solution 
in drv solid form. Attempts at concentrat- 
ing the solution, even under reduced 
pressures and at temperatures not greatly 
50 above room temperature, result merely in 
the deposition of di-calcium citrate and 
not the required . mono-calicuni citrate 
In fact, if left to stand for a period of 
time under normal, conditions of tem- 
&5 perature and pressure, the originally clear 
solution will slowly deposit a precipitate 
which is. a mixture of di r calcium and 
mono-calcium citrates, the former being 
in excess. ISTor has it been found possible 
60 to bring about the desired result by using 
citric acid in excess of the 2 moles 
theoretically required. A*ain attempts to 
concentrate"the clear solutions m order to 
precipitate the desired mono-calcium 
65 citrate result in the formation of insoluble 
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di-calcium citrate. Kovalenko (Proceed- 
ings in Tobacco Chemistry, T\K.S.T{., I, 
Bulletin No. 133, 111—116,-1937—) con- 
cludes that mono-calcium citrate cannot 
be prepared from calcium carbonate and 70 
citric acid only, but that an additional 
acidifying agent is required. These find- 
ings are corroborated by us as long as the 
attempt is made, first, to produce a solu- 
tion of mono-calcium citrate, and then to 75 
isolate from this solution the desired 
substance. 

The present invention brings about 
the formation of mono-calcium citrate 
di-hydrate from citric acid and calcium 80 
carbonate, hydroxide or oxide only, by 
the expedient of conducting the reaction 
between suspended solids in a relatively 
small quantity of water sufficient only to 
form a fluid paste and insufficient to dis- 85 
solve all the reacting contents. The react- 
ing ingredients and water are quickly and 
thoroughly mixed. Preferably the solids 
are first thoroughly mixed in a dry state, 
and then mixed with water in quantity 90 
only sufficient to provide a workable 
paste. The reacting proportions are one 
mole of the calcium compound with at 
least two moles of the citric acid. Reac- 
tion automatically ensues with the genera- JJft 
tion of some heat and a setting of the 
paste into an almost dry cake. This cake 
is readily broken up and any excess mois- 
ture removed by drying the fragments 
either in air at room temperature and IOC 
pressure or under gentle heat. The dried 
fragments are readily powdered. Thus 
the formed product, in course of its 
formation, comes out of solution, whereby 
it is not subject to those conversions above 105 
mentioned, which form insoluble calcium 
citrate. 

The calcium reagent is selected from 
the oxide, hydroxide and carbonate of 
calcium. All provide heat by neutraliza- HQ 
tion and/ or dissolution, the heat being 
greatest in the order of the grouping 
above. Calcium carbonate is preferred 
because it is stable in air, is more readily 
obtained in a pure form, and is more • \ rj 
easily bandied, and because the efferves- 
cence which results from its use causes 
the formation of an expanded porous dry 
cake as the end-product of the reaction 
which is easy to handle and break up in joq 
subsequent processing. 

The citric acid reagent is selected from 
the anhydrous powder or crystals and the 
hydrated powder or crystals of citric acid, 
the latter having one mole of water per jog 
mole of citric acid. The powdered form 
is preferred since it may be more 
intimately mixed with the calcium 
reagent and the anhydrous form is pre- 
ferred to reduce water content. J3Q 
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Theoretically mono-calcium citrate 
should be formed from the reaction 
between one mole of calcium reagent with 



two moles of citric acid reagent as illus- 
trated in the following equation : 



CaCO a + 2H 3 Cit + KLO— ^Ca(H a Cit)2.2H s O + Co 3 



" Cit." being used to represent the titrate 
ion CoH 5 0 T = 

When these amounts of reagents, 

10 namely, one mole" of calcium reagent and 
two moles of citric acid reagent, • aremsed - 
in the process outlined above for making 
mono-calcium citrate by suspension of the 
reagents in water to form an aqueous 

16 paste, the. reaction proceeds almost but not 
quite to completion according to theory. 
The product is largely water soluble, the 
greater part of it dissolving when shaken 
with water, the insoluble portion being 

20 only sufficient to make the solution opales- 
cent. Analysis has shown that the pro- 
duct corresponds substantially to mono- 
calcium citrate with which are admixed 
a small amount of free citric acid, and a 

26 small amount of insoluble di-calcium 
citrate. The amount of free citric acid in 
the composition has been determined to 
be in the range from 1% .to 1.5%! by 
weight, the determination being effected 

30 by extracting the free citric acid by sol- 
vent acetone, and titrating the extracted 
acid. 

It has been, found that by increasing 
the amount of citric acid in the process 

36 described above so that an excess of citric 
acid over the theoretical amount of 2 
moles is used, a point is soon reached in 
which the product of the reaction is com- 
pletely soluble in water without opales- 

40 cent residue. The said point is when 2.1 
moles of citric acid are used with one mole 
of the calcium reagent. Any excess of 
citric acid above the said 2.1 moles may 
be used and a completely water-soluble 

45 reaction product obtained. The solubilities 
of the products increase as the excess of 
citric acid is increased. It has been found 
that the reaction mass made from 2.1 or 
more moles of citric acid and 1 mole of 

60 calcium reagent is not the same as a mix- 
ture of the reaction mass made with the 
theoretical molar ratio of 2 to 1 to which 
is later added an equivalent amount of 
free citric acid. Thus, for example, the 

55 composition made with 3 moles of citric 
acid and 1 mole of calcium reagent is com- 
pletely water soluble, but the composition 
made with 2 moles of citric acid and 1 
mole of calcium reagent is not completely 

60 water soluble, nor can solution be obtained 
by adding an extra mole of citric acid. 
It is believed that the difference lies in 
the fact that in the. case of the 3 to 1 ratio 
no insoluble di-calcium citrate is formed, 

65 as indicated by the absence of opalescence, 



while in the case of the 2 to 1 ratio some 
di-calcium citrate is formed which the 
excess of citric acid will not dissolve. 

It has further been found that from the 
reaction mass formed from the interaction 70 
of 2.1 or more moles of citric acid and 1 
mole of calcium reagent the excess citric 
acid in the end product may be extracted 
with a non aqueous organic solvent to 
leave behind substantially pure mono- 75 
calcium citrate which dissolves in water 
without giving an opalescent solution as 
in the case with the product formed from 
the stoichimetrical proportion of 2 moles 
of citric acid and 1 mole of calcium 80 
reagent. Suitable solvents for removing 
the excess citric acid and which do not 
dissolve the mono-calcium citrate, are 
acetone, the aliphatic alcohols from 
methyl to amyl, the ethylene glycol mono- 86 
alkyl ethers, wherein the alkyl group is 
methyl, ethyl, propyl or butyl, and the 
diethylene glycol monoalkyl ethers,, 
wherein the alkyl group is methyl, ethyl, 
propyl or butyl. Preferably the solvent 90 
should be fairly volatile so that it may be 
readily removed from the mono-calcium 
citrate after extraction, and of the sol- 
vents named the one of first choice is 
acetone. 95 

The following examples illustrate the 
invention : — 

Exampi^ 1. 

As an illustration of the procedure to 
be followed in preparing fee reaction 100 
masses described above from citric acid 
and a calcium reagent, the preparation 
from the stoichiometrical proportion 61 2 
moles of citric acid to 1 mole of calcium 
carbonate will be described : — 105 

Take 100 grams (1 mole) of powdered 
calcium carbonate (the TF.S.P. precipi- 
tated product is preferred because it con- 
tains no acid-insoluble impurities) and 
3S4 grams (2 moles) of powdered anhy- HO 
drou 5 ? citric acid and mix thoroughly in 
the dry state. Now add with continual 
stirring 185 ml. (10.3 moles approx.) of 
water, the ingredients being all at room 
temperature. A very thin paste is first 115 
formed which gradually thickens. Effer- 
vescence occurs. The temperature rises 
rather slowly due to the generation of 
heat. About half to two-thirds of the way 
through the reaction, while the mass is 120 
still a fairly fluid paste, the greater part 
of the effervescence is over and the stirrer 
may be stopped to permit the" remaining 
effervescence to expand the mass into a 
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porous state. Shortly afterwards the mix- 
Mire thickens appreciably, then the tem- 
perature climbs rather rapidly and the 
whole mass " sets " into a substantially 
5 dry friable white product. Preferably the 
material is then left for a period, say 
overnight, before it is broken up and 

Time Temperature 
(mins.) (°C.) 



dried in gentle heat up to 140° F. (120° F. 
to 125° F. preferred). Finally the frag- 
mented product is powdered. 10 

A time /temperature chart for the 
reaction is as follows, the time being 
given in minutes after the addition of the 
water : 



Remarks 



0 23 

3 25* 

15 5 25£ 

6 25£ 

7 26 



9 27 
9i 30 
20 10' 33 

12 28b 

In the above procedure, calcium car- 
bonate is the preferred reagent partly 

25 because of the accompanying effervescence 
which brings, about the formation of an 
expanded porous mass (rather like a 
honeycomb) which is more easily broken 
up for the subsequent drying than the 

30 products obtained with the other calcium 
reagents. However, the calcium carbonate 
may be substituted by 1 mole of calcium 
hydroxide (in which case more heat is 
generated) or by 1 mole of calcium oxide 

35 (in which case even more heat is generated 
and calcium hydroxide formed in pro- 
cess). To avoid violence of reaction, 
when using large quantities of materials, 
from too great a generation of heat with 

40 insufficient conductance away of said 
heat, both the hydroxide and the oxide 
of calcium are preferably avoided, since 
too much heat adversely affects the 
solubility of the end product. 

45 This procedure with materials at room 
temperature is the preferred procedure. 
Example 2. 
The other compositions mentioned pre- 
viously, which contain an excess of citric 

50 acid and which are completely water 
soluble, may be made by an entirely 
similar process except that it has been 
found that the quantity of water which 
must be added to the mixed dry solids in 

55 order that the end product of the reaction 
shall be comparatively dry and not a 
sticky unworkable mass, should be 
decreased as the excess of citric acid is 
increased. This variable quantity of 

60 water is related to mechanical conveni- 
ence, and is not critical with respect to 



Paste very thin. 

Paste thickens slowly. 

Towards the end of this period the 
stirrer may be stopped. 

) Paste rather viscous — becoming 
whiter. 

Product has " set " to a white, 
almost dry, friable, porous mass. 

the result desired. An amount is prefer- 
ably chosen to give finally a friable cake. 
To" illustrate this the following examples 
are given, and are carried out in accord- 65 
ance with the preferred procedure of 
Example 1. Each example is numbered 
for later reference, and the amounts of 
calcium carbonate (or other calcium 
reagent) of citric acid and of water are 70 
listed in moles. The list includes the 
product given in Example 1. 

Calcium Citric 
Composi- Carbonate Acid Water 75 



tion No. 


(moles) 


(moles) 


(moles; 


2a 


1 


2 


10.3 


2 b 


1 


2.1 


10.0 


2c 


1 • 


2.3 


9.5 


2d 


1 


2.5 


8.6 80 


2e 


1 


2.7 


7.8 


2f 


1 


2.9 


7.0 


2g 


1 


3.1 


6.2 



All the compositions in the above table 
readily dissolve in water to give clear 85 
solutions without solid residue, with the 
exception of composition 2a . which 
exhibits immediately upon solution a 
slight opalescence, but not sedimentary 
residue. It has been determined that for 90 
the preferred process of Example 1, as 
cirried out with the amounts given in 
Example 2, the composition 2b is a 
critical composition below which and in 
the direction of composition 2a, the pro- 95 
duct dissolves with opalescence. Hence, 
at least 5% excess of citric acid over the 
stoichiometric quantities is required to 
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secure a composition readily dissolving 
to a clear solution in water. In other 
words, opalescence is avoided by using at 
least 2.1 moles of citric acid to 1 mole of 
6 tlxe calcium reagent. 

The composition 2a Las from 1% to 
1.5% by weight of free citric acid, as 
determined by extraction of citric acid by 
acetone and then titration of the extract. 

10 When compositions from 2b . to 2g are 
similarly tested, only the expected and 
used excess is found, namely, the 5% 
excess used for composition 2b, and 55 % 
-excess used for composition 2g. 

15 Determinations of the solubilities of the 
various compositions per se and with 
added acids such as citric, phosphoric and 
hydrochloric have shown that greater 
solubility follows lower pH. However 3 

20 as stated previously, it is not found that 
the solubility of a composition lower in 
the series can be made the same as that of 
a composition higher in the series by the 
mere addition of acid in amount corres- 

25 ponding to the difference in quantities of 
acid used in preparing the compositions. 

On standing, solutions of the products 
of the present invention gradually deposit 
insoluble precipitates. This occurs more 

30 slowly as the amount of acid employed in 
producing the composition increases 
above the theoretical ratio. Thus, a solu- 
tion of composition 2a deposits consider- 
able solid matter in a few hours while a 

35 solution of composition 2g remains clear 
for about 9 days. The precipitates formed 
have been studied and appear to be mix- 
tures of mono-calcium and di-calcium 
citrates. 

40 The theoretical formula 

Ca(C 6 H 7 0 7 ) a .2H 2 0 
for mono-calcium citrates would indicate 
8.7% calcium. Analysis of composition 
2a has given 8.4% calcium. Composition 

4g 2e analyzes 6.7% calcium, and is the 
same as the value for 

Ca(C o H 7 O 7 ) 2 .2H«O+0.7 C fl H 8 0 7 
which is the presumed nature of the com- 
position. These data indicate that the 

60 compositions are largely as stated herein. 
The preferred procedure carried out 
with materials at room temperature gives 
setting in twelve minutes in the case of 
composition 2a. The effect of lower 

55 temperature is to delay setting and of 
elevated temperature to hasten setting. 
Compositions 2a and 2b have been made 
by surrounding the reaction vessel with 
a bath at a temperature of 60° to 70° C. 
go an< ^ heating the mixed powder in said 
vessel. Boiling water is added. The 
reaction is vigorous with setting taking 
place in about two minutes. Also when 
the reaction vessel is kept at 10° C. and 
Q{ji ice cold water added to powders to make 



compositions 2a and 2b, setting does not 
occur for more than an hour. The said 
two compositions 2a and 2b made both at 
lower and at higher than normal room 
temperature are slightly less soluble than 7Q 
made by the preferred procedure of 
example 1. All the compositions listed 
in the table above are useful per se in the 
compounding of pharmaceutical mixtures 
for the administration of calcium. Thus, 75 
mixtures of sodium bicarbonate and any 
of the compositions evolve carbon dioxide 
when added to water, and it has been 
found that in all cases clear sparkling 
solutions result, the addition of sodium 60 
bicarbonate in the case of composition 2a 
removing entirely the opalescence found 
when the composition above is dissolved 
in water. The opalescence may also be 
removed by adding to a solution of the 85 
composition sodium, potassium or 
ammonium hydroxides, and the result 
appears due to the formation of double 
stilts of citric acid- in solution. In pre- 
paring pharmaceutical mixtures of the 90 
compositions with sodium bicarbonate, it 
has been found preferable to use slightly 
less sodium bicarbonate than is required 
to neutralize the available acidity in order 
to improve the palatability of tlxe result- 95 
ing solution; although stable clear solu- 
tions may be made even when an excess of 
sodium bicarbonate is used. An illus- 
trative formula is : 

Parts 100 
Composition 2a 100 
Sodium Bicarbonate - - . 70 
This may be dispensed as a tablet or as 
granules, 60 grains of the mixture con- 
taining 0.185 grams of calcium or 105 
approximately one-quarter of the mini- 
mum daily requirement of calcium. 60 
grains of the composition dissolved in four 
ounces of water provides a solution with 
a pH of 5.7, as determined by a glass elec- HO 
trode. Various such effervescing mix- 
tures for dispensing calcium are described 
and claimed in the co-pending application 
No. 24330/44 (Serial No. 597,937). 

The compositions of the present inven- 
tion have also been found useful in the 
preparation of effervescent mixtures in 
conjunction with acidic phosphates and 
sodium bicarbonate. J?or this purpose the 
compositions higher in the series have ^20 
'special uses in preparing mixtures with a 
high ratio of phosphorus to calcium which 
will dissolve in water to give clear solu- 
tions. From solutions of such mixtures it 
has been shown that both calcium and 125 
phosphorus are absorbed by the body and 
they therefore form useful means of 
administering calcium and pbospborus 
together. The matter covering the pre- 
paration and use of such .mixtures is 130 
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described and claimed in the copending 
application, No. 24331/44 (Serial No. 

The dry mixt ures outlined above for 
g producing- products suitable for the 
administration of calcium or of calcium 
and phosphorus togetiier, have been found 
to retain their properties and remain 
stable over an extended period of time, 

29 The compositions described in the pre- 
sent invention do not behave, when 
admixed with sodium bicarbonate or other 
alkali metal salts of carbonic acid, with or 
without other ingredients, as do the coni- 

ic ponent reagents irom which the composi- 
tion is formed. Thus, for example, 100 
parts by weight of composition 2g are 
formed from 6d parts by weight of citric 
acid (anhydrous; and lo parts by weight 

20 of calcium carbonate. If now the follow- 
ing mixture is made : 

Parts 

Composition 2g - - - 100 
Sodium bicarbonate ~ . " 90 
25 and dissolved in water, there is formed, as 
soon as effervescence ceases, a clear 
solution. 

On the other hand the mixture : 

Parts 

39 Citric acid - 89 
Calcium carbonate 15 
Sodium bicarbonate - - 90 

does not form a clear solution at the cessa- 
tion of effervescence although if the sus- 
35 pension is allowed to stand it will in time 
clear. 

Further — 

Parts 

Composition 2g 100 

40 Mono-calcium phosphate - 35 
Sodium bicarbonate - - 130 

will effervesce to a clear solution, while — 

. Parts 
Citric acid (ahhyd.) 89 
45 Calcium carbonate - 15 
Mono-calcium phosphate - .35 
Sodium bicarbonate - - 130 
will not form a clear solution, but will 
produce a heavy precipitate which does 
50 not go into solution on standing. 

Hence, the products of the present 
invention are not equivalent to a dry 
mixture of the citric acid and calcium 
reagents on which the process of the pre- 
55 sent invention has not been performed. 
The examples cited in the table above 
are not intended to limit the invention to 
the specific ratios of citric acid and cal- 
cium reagents given in the table; any 
60 ratios upwards from the stoichiometrical 
ratio of 2 to 1 may be employed with 
results similar to those described. Nor is 
it intended that the upper rited ratio of 
3.1 moles to 1 .shall have any limiting 
65 significance, although within the compass 



of the examples given are to be found all 
the compositions of greatest use in the co- 
pending applications previously men- 
tioned. 

Example 4. 70 

ISOLATION OF MONO-CALCIUM CITRATE 
DIHYDE ATE . 

As an example of the isolation of mono- 
calcium citrate by removing the excess 
citric acid from the reaction mass 76 
obtained by the interaction of 2.1 or more 
moles of citric acid with 1 mole of cal- 
cium reagent in the process already 
described, the use of acetone, the pre- 
ferred solvent, on composition 2g will be 80 
given. 

Take 100 grams of composition 2g, 
finely powdered, and add to it 125 cc. of 
acetone. By shaking or other means of 
agitation keep the composition suspended 85 
in the acetone for a period of 10 to 15 
minutes, then filter the acetone extract. 
Wash the filter cake with two small quan- 
tities of acetone, and, if a suction filter 
has been used, as is preferred, dry the 90 
residue on the filter as far as possible. 
Finally, remove the residue and complete 
the drying in air or in an oven at approxi- 
mately 125° P. The product so formed, 
which is in powdered form, is the required 95 
mono-calcium citrate. 

Analyses of samples of products so 
formed have shown a calcium content of 
8.68 to 8.71% which are in excellent 
agreement with the calcium content of 100 
8.7% for the formula Ca( 6 H y O 7 ;2.2fl.0. 
Further, a determination of the equivalent 
weight of the product gave 115 as com- 
pared with the theoretical value of 114.5 
for Ca(C c H 7 0 7 ) 2 .2HoO. These results are 105 
given to indicate that the product f omied 
is as stated. 

The yield of product is excellent being 
66 grams from 100 grams of composition 
2g, or almost the theoretical quantity. The HO 
product has a fairly high solubility of 
approximately 1 part in 5 parts of water at 
room temperature of 20° to 23 °C, and the 
solution formed is substantially clear, as 
contrasted with the solution of composi-115 
tion 2a which is opalescent. 

For use in pharmaceutical mixtures for 
dispensing calcium or calcium and phos- 
phorus together, such as outlined in the 
case of the other compositions of the in- 120 
vention, the mono - calcium citrate 
obtained by the process of this example 
does not produce more stable solutions in 
conjunction with acidic phosphates than 
does composition 2a, and for such pur- 125 
poses does not present significant advan- 
tages over compositions 2a to 2g. 

A similar residue may be obtained by 
extracting with acetone any of the reac- 
tion masses obtained by reacting together 130 
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2.1 or more moles of citric acid and 1 mole 
of calcium reagent. Further, in place of 
acetone other solvents for citric acid may 
be used with similar results, as mentioned 
6 hereinabove. Where solvents of low vola- 
tility axe employed to extract citric acid, 
it is preferred to wash out excess solvent 
by use of a compatible solvent of high 
volatility. 

10 In the procedure used for examples 1 
and 2, the cake is dried to remove water 
and to provide a dry product. Before dry- 
ing, the desired mono-calcium citrate is 
already formed and present in the moist 
15 cake. In using acetone to extract excess 
citric acid, the cake may be moist for 
such extraction and need not be dried. 
The acetone dehydrates the cake. In cases 
where substantially no free citric acid is 
20 present, as in composition 2a, the moist 
cake may be dried by washing with ace- 
tone, or other organic dehydrating sol- 
vent, such as ethyl alcohol. 

According to the processes of the present 
25 invention, acidic calcium compositions 
are obtained in convenient form for incor- 
porating in pharmaceutical preparations. 

Haviug now particularly described and 
ascertained the nature of our said inven- 
30 tion and in what manner the same is to 
be performed,, we declare that what we 
claim is : — 

1. A method of making solid mono- 
calcium citrate dihydrate by mixing a 
35 solid calcium reagent selected from cal- 
cium oxide, calcium hydroxide and cal- 
cium carbonate with anhydrous citric acid 
or hydrated citric acid in the proportion of 

°? e i mole of the ^ to at least two moles 
40 of the second and only sufficient water to 
provide a fluid paste, whereby reaction en- 
sues with the generation of heat, the mix- 
ture being transformed into a solid cake 



consisting of mono-calcium citrate di- 
hydrate and any excess of citric acid over 45 
said two moles. 

2. A method of making solid mono-cal- 
cium citrate dihydrate as claimed in Claim 
1, wherein a proportion of at least 2.1 
moles of citric acid are used such quanti- 60 
ties producing a solid cake consisting of 
water soluble mono-calcium citrate di- 
hydrate and the excess of citric acid over 
the stoichiometric requirement said cake 
dissolving in water to form a clear solu- 55 
tion. 

3. A method of making solid mono-cal- 
cium citrate dihydrate as claimed in 
Claim 1 or 2 wherein water is removed 
from the cake by drying the same in an 60 
oven or in air. 

4. A method of making solid mono-cal- 
cium citrate dihydrate as claimed in 
Claim 1 or 2 wherein water or excess citric 
acid or both are removed from the cake 65 
containing mono-calcium citrate, water 
and citric acid by treatment with a non- 
aqueous organic solvent which is a non- 
solvent for mono-calcium citrate di- 
hydrate. 70 

5. A method of making solid mono- 
calcium citrate dihydrate as claimed in 
Claim 4 in which the solvent is acetone. 

6. A solid composition containing water 
soluble mono-calcium citrate dihydrate 75, 
whenever produced by any of the methods 
claimed in the Claims 1 to 4. 

7. Preparation of mono-calcium citrate 
dihydrate substantially as described in 
Examples 1, 2 and 3. go 

Dated this 23rd day of November, 1944 
POLLAK, MEKCEB, & TENCH, 

Chartered Patent Agents, 
134, Cheapside, London, E.C.2. 
Agents for the Applicants. 
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